UNCLASSIFIED

ap 289 298

| Roproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

—




NOTICE: Whern governmen* or osther drawings, specl-
rications or other data are used f>r any purpose
other than in coanection with a definitely related
government procurement operation, the U. S.
Gecvernmernt theredby incurs no responsibility, nor eny
cbligation whatsoever; and the fact theat the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1s not to te regarded by implicatior or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




ARF 8249
Annual Progress
Report

BROAMPOAE o3 0 S0 VHE I » O NBYVIIOGN OF I 1INOIS INSTITUTE OF TECHNOLOG

INVES.TIGATION OF FOOTWEAR FOR
PROTECTION AGAINST LAN“ MINES

by
J. L. MacDonald
for

Office of the Surgeon General
Washington 25, D, C,

November, 1962

RESEARCH FOR INDUSNTRY




ARF 8249
! : Annual Progress

Report
|
VLN OIS INSTITUTE OF TECHNOLOGY
o
4.
o .
INVESTIGATION OF FCOTWEAR FOR
== PROTECTION AGAINST LAND MINES
: by
J. L. MacDonald
- for
L= Office of the Surgeon General
= Washington 25, D, C.
= November, 1962
———% . o
= _— v
= Lo NOV 96 . :

|

"n*'
|

i

RESEARCH FOR INDUSTRY




Annual Progress Report

Covering the period
March 1962-October 1962

by
John L. MacDonald
Armour Research Foundation of
Illinois Institute of Technology

INVESTIGATION OF FOOTWEAR FOR
PROTECTION AGAINST LAND MINES

DA-49-193-MD-2247

for

Office of the Surgeon Gereral
Washington 25, D. C. ,

Unclassified

ARMOUR RESEARCH FOUMDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY




| TABLE OF CONTENTS

. 1 PRINCIPAL INVESTIGATOR 1
i 2 PROJECT TITLE 1
| 3 CONTRACT NUMBER 1

| | 4 DATE OF REPORT 1
5 REQUIREMENT AND JUSTIiFICATION 1

t 6 SUMMARY 2
| A. Brief 2
B. Approach g 3

' ‘ C. Background History and Progress 4
D. Future Plans 9

' E. References 10




1. PRINCIPAL INVESTIGATOR

Mr. John L. MacDonald, Armour Research Foundation of Illinois
Institute of Technology, is project engineer.

2, PROJECT TITLE

The program 1s entitled "Investigation of Footwear for Protection
against Land Mines,

3. CONTRACT NUMBER

The work 1s being done under Contract DA 49. 193-MD-2247. for
the Office of the Surgeon General.

4. DATE OF REPORT

The first annual report 13 due on | December 1962 and the final
report due at the expiration of the contract-on 28 Feb. 1963.

5. REQUIREMENT AND JUSTIFICATION

The increased use of small anti-personnel land mines during World
War II and the Korean conflict has indicated that a greater number of
disabling lower extremity wounds can be expected in the event of future
conflicts. The development of protective footwear to reduce or eliminate
the severity of injury without affecting the efficiency or mobility of the
wearer is the principal task of this program,

The successful development of footwear which would be resistant
to the effects of anti-personnel mines will have the following results:

A. Maintair the psychological attitude and subsequent efficiency of
the combat soldier when exposed to ta¢tics employing anti-
persoﬁnel mines.

B. Recduce the severity or degree of injury upon exposure to the blast

effects of the mine.
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Reduce or eliminate time loss f rom combat readiness.

D. Reduce the amount of support personnel (‘replacements, medical,
QM, etc. ) and logistics required to replace, care f. . and supply
injured troops.

E. Reduce sigmificant costs in the above as veteran disability benefits.

6. SUMMARY

A. Brief

While the final objective of this program effort 1s the development of
protective footwear that 1s resistant to small anti-personnel mine blast
effects, the solutions to a series of preliminary objectives must be avail.-
able before a rational approach can be made towards a means of attenuating
these effects. |

One objective 1s to determane the degree of protection or attenuation
which must be provided by the protective footwear., This objective is rel-
ated to the damage threshold or capabilities cf the foot to tolerate abrupt
impulsive loadiﬁgs and the physical characteristics of the exploding mine.

Accordingly, this program was established to provide a device which
would simulate a controlled explosive environment to be used for the asses-
ment of the damage threshold of an unprctected human foot.

The operation of the device and the damage assessment of the fcot is
the responsibility of the Office of the Surgeon General.

An additional obj :ctive of this program is the determination of the
pressure-time and impulse gensrated by an anti- personnel mine. ARF was
directed to use the M- 14 anti-personnel mine for this investigation.

This effort (by OSG and ARF') will determine the input characteristics
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of the mine to the attznuator system (provective footwear) and the capabilities k N

of the foot to withstand the attenuated input,

A corrclation of this informatinn will determine the degree of » i
attenuation desired from the protective foctwear.

The construction of protective footwear corcepts is included in a pru-
gram current at ARF for the Quartermaster Engineering and Research Com- ‘ .

mand Project No, DA-19-129-QM-2061/01 6137). This program, partially .

of loading and to evolve deaign concepts for implementation into protective

‘ootwear,.

| funded, is to study material, and design configuration response to high rates g

The final validation of the protective concepts are to be assessed
through the O.S. G, The validation will be performed by O.S. G. through a
medical observation of damage after exposure of a cadavar leg encased in the

protective footwear to the blast effects of the M-14 A, P. mine. b
B. Approach )
The approach of this program to the problem of evolving a protective

' footwear concept is to first establich the environment to which the footwear
will be subjected. Second, by the capabilities of the unprotected human foot
to withstand impulsive type loadings will also be assessed. Additional ARF
contractural commitments with the QM Corps are to optimize the selection of
materials and design configurations for incorporation into prototype design
concepts. TLe prototypes are then to be evaluated with cadavar legs by
exposure to the effects of the M-14 anti-personnel mine.

This approach differs considerably from other efforts to provide an

——— L] —-—— ——
r’:?-’,'..

effective protective concept. The previous work has been principally empiri-

' cal in nature wherein a concept was conceived, implemented into a boot,

Ny
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fitted with a lcy stmulant (gelatin, cadavar, etc.), exposed tc the effects of

- detonating M- 14 mine and the damage assessed by medical observers,

The principal differences :n the two methods of apgrnach lie 1n the
control of experimental parameters and the capability of optimizing materials
and design configurations on the basis of predictable or measurable respénse,
while the empirical approach depends entirely upon the ingenuity of the invei..-
or and the evaluation of blast effects by opinion. The empirical approach is
also detramentally influenced by inherent physic::xl variations in cadavar leg

simulants during the development of a protective concept.

C. Background History and Progress

1. Background history.

A considerable amount of effort has been expended in the field of
protective footwear concepts. The resulty of this effort has resuited in
‘wo geaeral types of protective concepts. One type being a s ibot of
additicnal sole which is strapped to the conventional shoe and the other

type incorporating the attenvating device within a molded boot.

presents considerable problems i1n mobility and logistics.
The molded boot attenuator investigation is presently being conducted.
The results of this effort indicate that same attenuation is possible but a

question remains as to the maximum attenuation which can be attained. The

' The sabot type furnishes the greatest degree of protection but

main problems that have confronted investigations in this field has been the
evaluation of response to a closely controlled experimental environment
and the lack of data for the dynamic response of the human foot to impulsive

loadings.
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The present program will provide equipment and data to obviate this

problem.

2. Progress

Activity on the subject program has been directed along two lines
during the current report period; namely a) design of a loading device to
provide simulated pressure and impulse produced by a small anti-personnel
land mine and t) the determination of the pressure distribution in the
vicimty of an M 14 anti-personnel mine. Each of these two activitiez
will be discussad individually below:
Loading Device

Most of the work perfcrmed on this taskv during the current report
period centered about a l;teréture review of topic related to thi
design of the loadiag device, free air blast data, protective'foctwear
concepts, and personnel injury effects. References covered in this
review (20) are given in section E of this report. A complete review of
the literature survey will be presenterd in the fianl report on this project.

Initial design studies indicate that pressure generated by an exploding
M-14 mine can best be simulated by employing an explosively driven
loading device. Since this device will be employed as. a research tool it
must operate ovar a wide range of both Vpresrsur”e ard iﬁpulse. For this
reason two different driven sections must be employed. The first will
house a point source charge and will provide the energy required for the,
higher relfected pressure (those in excess of about 4, 000 psi). For

lower pressure a second detonation chamber will be constructed

ARMOUR RESEARTH FOUNDATION OF [LLINOIS INSTITUTE OF TECHNOLOGY

5 ARF 8249
Annual Progress Report

i 0. R




v

- @ e WA gy

to accomcdate a distributed charge (prima cord). With beth systems g

the pressura and 'mpulse in the test section can be controlled by the ‘ A
length of the tube and the size of the « xplosive charge. Fenative data

showing the reflected pressure and impul:» produced by the lcading

device as a function of tuke length and explosive charge 1s shown in Figure 1,

For the point sour:e detonatior chamber intersection of the charge weight

curves with the tube length curves give the reflected nressure and impulse

obtained Ir'om the set of tube parameters,

Also superimposed on Figure 1 is a damage elfect curve constructed !
from preliminary data presented by St‘;wart(ls! This curve represents
a first approximation of the damage threshold of the human toot. The »
results obtained by employing the loading device will permit a more accurate
determination of this curve,

Currently design drawings are being prepared for the explosively
driven loaring device. Engineering drawings will caver the four major
components of the system:- . )

(n Detonaticn Chamber

(2) A series of heavy walled tube sections )

(3) A  enduium mounted test section

(4) The necessary support structure i

In operation the charge and tube lengrh will be selacted to provide
the specified pressure and impulse loading. The tube is assembled, the
charge placed and test spec‘men mounted on the pendulum. The loading
18 accomplished immediately upon detonation of the charge. Records 3

of the side on pressure will be made with a Kistler pressure transducer.
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‘ The impulse imparted to the sysiem v‘nll be determined by measuring
the total displacement of the pendulum. Upon completion of a test
|
' . shot the pressure and :mpulse records will be analyzed and medical

observations wil! be made by the O, S.G. on the damage incurred by the

i

i

test specimen, !
i

i
Measurement of the surface pressure time relationship of the
x

M-1 Anti-Personnel mine,

¢

1
Twenty-five M 14 A, P, mm#s were obtained from the Ordnance

Ammunition Commard in Johiet. [ll:né1s to be employéd to establish the
|

surface pressure time relationship. These experiments are currently
in progress and preliminary results indicate that the average surface

pressure of the mine is approximately 40 kilobars* for the first

|

microsecond after detonation is imtiated,

i
The technique used for the s}u-face pressure measurements
. i . .
follows from the work of Hopkinson. !A series of small diameter metal

discs of dif lerent thicknesses are plated on the surface of the mine. Upon

detonation these discs are driven off t%he mine and their motion is

observed with an ultra high speed fra?nmg camera {4, 300, 000 frames/sec).

Analysis of the photographic records jpx-ovide:; the time displacement

' history of the discs (''flyer plates";. jTh15 data is then used with the

, mechanical impebdance charactensticg of the mine and fiyer plates to
determine the pressure-time relatxori at the surface of the mine. Technical

‘ .

*Kilobar = 15, 000 ps1
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difficulties encountered 1n the use of the ultra high speed camera have

delayed completion of this task., However, these‘!

difficulties have

been resolved and the task should be completed in the very near future

D, Futur'c Plars

The completion of the present contractual commitments for

0. 5. G, is expected to follow the schedule outlinejd below.

The M-14 mine characteristics of peak ﬁressure and total

¢
i

impulse will be completed by January 1, 1963.

The design of the loading device will be completed by December

15, 1962.

The manufacture of the loading device will be complete by

February 1, 1963,
The seihp and indoctrination of personne
loading device is anticipates for the last ‘wo week
A tentative test procedure will be writte
with the final report on or before the February 28

date of the contract.

1 1n the use of the
s of February.
h and included

, 1963 termination

The necessity of providing an explosively

y driven loading device

rather than a mechanical or hydraulically powered device will require

additional instructional effort by ARF to the eventual user. This

additional effort was not anticipated 1n the original proposal and will

concist of the design of explosive components and

calibration preccedure.

|a more complicated
|

A continuing effort for O.S. G. 1s also anucip‘ated by ARF where in we

will participate in the analysis of the test results

agency appointed to conduct the damage threshold

in cooperation with the

program,
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ARF feels that cur particvipat.on 1s mandatory tc provide cverall
program continuity in the evolution of pirotective footwear concepts, "
ARF will submat, :f desired by O. S8, G., a request for a time
and cost cxtension which will permit our cantinuing acnve. participation

on the program.

Respectiully submitted,

ARMOUR RESEARCH FOUNDATION OF
ILLINOIS INSTITUTE OF TECHNOLOGY

EQ Neoe BaendQ

L. MacDonnaid, Manager
echanism Laboratory
APPROVED:

J. W. Dally, Assistant Director
Mecharics Research
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